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Summary 


Hutton, J. T. (1974) —Chemicul characterization and weathering. changes in Holocene vol- 
canic ash in soils near Mount Gambier, South Australia Trans. R. Soc. S. Aust. 98(4), 
179-183, 30 November, 1974. 

Surface soil samples collected within 12 km of the volcanic crater of Mt Gambier, South 
Australis, have been analysed for thirtcen elements by X-ray fluorescent spectragraphy, ‘Ihe 
amounts of eight of these elements in each of ten samples have been compared with the 
umount preseat in u sumple collected close to the volcano and it is clear that the ejected 
material was of uniform composition, The amount of ash deposited on the Pleistocene beach- 
dune sands decreases as distance from the Mount increases. 

By comparing the present composition of the ash with the composition of a sample of 
Mt Gambier basali. it is shown that 60-8094 of the calcium, magnesium and sodium has been 
lost but there has been essentially no loss of titanium, silicon or aluminium, Jn 5,000 years, 
about one half of the valeanic ash has weathered to clay minerals which do not readily 


disperse and the leached sodium and magnesium appear to reach the groundwater. 


Introduction 

Hutton, Blackburn & Clarke (1959) indi- 
caled the distribution of soils affected by vol- 
canic ash from Mt Gambier by a study of the 
size of the particles added to the siliceous sand 
of former beach dunes. As this earlier Work 
had shown that ihe material ejected und depo- 
sited on the existing dunes was uniform in the 
physical sizé of the particles, it should be pos- 
sible from a study of the elemental composition 
of the same soils to confirm the uniform nature 
of the ash and also sec what clements may have 
been differentially lost by weathering since the 
deposition of the ash 5,000 years ago (Fer- 
gusson & Rafter 1957). 


Methods of Analysis 

Eleven surface samples studied previously 
were analysed for thirteen clements by X-ray 
fluurescent spectropraphy. Fur the eight major 
clements, magnesium, aluminium, silicon, phos- 
phorus, potassium, calcium, titanium and iron, 
the ignited snil samples were fused with a 
lithium borate flux as described by Norrish & 
Hutton (1969) and cast into glass dises. Cali- 
bration for these clements was based on fusions 


of pure chemicals in the borate flux and results 
were all corrected for Variations in muss ab- 
sorption due to variations in sample composi- 
tion: 

For the elements chromium, tanganesc, 
nickel and zine, preserit in low concentration 
(10-1,000 ppm), and for sodium, the finely 
ground samples were pressed inio suituble dises 
without any dilution (Norrish & Hutton 1964) 
in order to obtain sufficient sensitivity, Calibra- 
tion was made again by comparison with stan- 
dyrds prepared from pure chemicals mixed with 
å sample of clean quartz: Variations in mass 
absorption due to changes in sample composi- 
tion were measured and the appropriate. cor- 
reclions applied. 


Results 


The results of analysis of sample A 363/13. 
collected about 3 km northwest ot the Mt 
Gambier craler and considered from field mor- 
phology to have the greatest amount of ash 
mixed with the leached siliceous sand. are piven 
in Table 1. For comparison the results of ann- 
lysis of sample A 361/1, collected from near 
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TABLE | 


Composition of soils, volcanic ush (calculated) and estimated change during weathering 


Soil Soil 
largely largely 
Element dune sand Voleanic ash 
A 361/7 1 A 363/1 
Na, % 008 0.17 
Mg, % 0.08 1.47 
Al. % 0.90 $35 
Si. %. 45.7 34,9 
P. % 0.01 0.29 
K, % {0.22 0,59 
Ca, % 0.07 1.04 
Ti, % O15 0.96 
Cr, ppm 29 118 
Mn, ppm LIS B2A 
Fe, % 0.52 5.08 
Ni, ppm 2 65 
Zn, ppm a 96 


Present % change 
compositian Composition (relative to 
of ash? of hasaltt basalt) 
0.4 260 —80 
24 8.12 —70 
9,0 7.62 +20 
26.0 22.0 +20 
0.20 
Ia 1.27 0 
aml 7.18 6i) 
ies) Wz +20 
82 8.35 0 


pal aa n See amen 
* Average of values calculated on apm that A 363/1 contains 40% dune sand, A 464/1 con- 


tains 45% and A 349/1 contains 50% 
1 Stanley (1909). 


TABLE 2 


Composition of ash soils expressed as % 


composition af A 363/1 


a Iall 


Distance 

Sample Mt Gambier 

number km Direction Mg Al Ti Fe Cr Mn Ni Zn 

A363/! 3 NW 100 109 100 1nd 100 100 100 100 
A 4964/1 2t E 91 87 79 gl 2 fb 118 #5 
A 349/1 3 5 83 92 77 &3 88 75 Lis 7i 
ABST 6} SE 46 104 54 60 67 76 46 AR 
A 364/1 5 S 56 460 66 58 57 64 50 52 
A 360/1 65 N 28 5> 50 47 68 AT 40 28 
A 355/1 3 F. 38 36 4l. 38 33 43 49 22 
A 292/1 iJ. NE F ‘29. 39 27 al 28 16 25 
A 358/1 63 NE ” 23 12 25 34 21 3 6 
A 467/1 S4 NW ko 20 il 12. 19 21 3 a 


* Amount too low to be determined with sufficient accuracy to obtain s meaningtul figure. 


the northern limit of the influencé of the ash, 
are also given. 


Of the thirteen elements determincd, mag- 
nesium, aluminium, titanium, iron, chromium, 

manganese, nickel and zinc are considercd to 
be associated with volcunic ash and the results 
for these eléments in the other nine samples 
are given in Table 2, where they are expressed 
as a percentage of the concentration found in 
sample A 363/1. 


Discussion 


The eight elements chosen for listing in 
Table 2, namely magnesium, aluminium, tita- 
nium, chromium, manganese; iron, nickel and 
zine, até present in higher concentration in 


basultic type rocks than in other types such as 
sands, limestones or granites.. For this reason 
they were chosen in this investigation to be in- 
dicators of material of Volcanic origin in a 
region of sand dunes and swales. ‘Sample 
A 361/L is typical of the surface of the sand 
dunes and sample A 363/1 taken 3 km NE of 
the crater of Mt Gambier is typical of the 
material of volcanic origin after 5.000 years 
exposure, The data in Table 1 show that the 
dune sand is not pure. quartz as it appears to 
contain a titanium mineral and some clay or 
feldspar to account for the potassium. The 
amount of potassium would indicate that wea- 
thering and leaching have not been excessive 
and so the Jow levels of some elements, parti- 
cularly magnesium and nickel, suggest the ab- 
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sence of voleanic ash from this site 13 km N 
of Mt Gatnbier, 

By calculating the amount. of these eight 
“basaltic” clements present in the ten samples 
of surface soils aya percentage of the amounts 
in sample A 3263/1, the significance of the dif- 
ference in the composition of these soils be- 
comes apparent. As distance from the Mount 
increases, dhe amount of each element is re- 
duced by a. simil proportion, In order to 
determine the mount of ash in the soils slu- 
died, relative to sample A 363/1, three some- 
What independent sets of chemical data and 
the particle size date gwen in Hutton, Black- 
burn & Clarke (1959) can be used.. OF the 
eight elements recorded in Table 2, magnesium, 
aluminium, tiianium and iron ate present in 
A 303/1 at about 1% or more, They can be 
determined accurately but as some variation in 
asa composition can be: expected, the relative 
percentages given for these elements in Table 2 
were averaged for listing in Table 3. Chro- 
mium, manganese, nickel and zine are present 
in smaller amounts (less than 0.1%) and are 
therefore determined less accurately, but they 
do represent «u different geochemical parameter 
from the major elements, and again, 10 reduced 
individual fluctuations, the- data of Table 2 
were averaged for presentation in Table 3, The 
third chemical measure of the amount of ash 
material is obtained from the results of. the 
determinaiion of the silicon content of cach 
simple because the addition of the basaltic 
minesals will reduce the high silicon content of 
the silica sand-of the dunes. (This. measure is 
nar strictly independent of the other chemical 
values in that when expressed as. ovides, SiO. 
constitutes the hulk of the sample that. is. not 
Al0O3. MgO, FeO, and Ti0.;}. The amount 
of particles in the size range 2 ym to 50 um 
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found in these same soils js given by Hutton, 
Blackburn & Clarke (1959) and the very high 
ash soils close to Mt Gambier have about. 40% 
of these particles, Again, the amount. of 2 pm 
to 50 am particles in the samples from the 
other sites can be calculated relative io this 
figure and the data are given in Table 3. These 
four estimates have been used ro calculate 
mean values far the relative proportions of the 
basaltic. material added to the sand dunes. The 
comparatively low values of standard devia- 
tion (Table 3) suggest that all four measures 
are of the one property. 

The samples examined in this study had 
mostly been collected from sail profiles asso- 
ciated with the higher sand dunes, where some 
mixture of ash und sand has occurred, The data 
given by Flutton, Blackburn & Clarke (1959) 
had indicated that in many cases the resulting 
mixture is unifarm down to 40 em. This mix- 
ing is not due to cultivation as many of the 
samples were collected from roadside cuttings, 
but is attributed to the activities of soil animals 
in fertile, well-nggregated soils. Evidence sug- 
gests that where more than 150 cm of ash was 
deposited there was less mixing of sand and 
ash, while us Ihe deposit of ash became thinner 
more mixing and resultant dilution took place. 
Hence tt is difficult to define the true limit of 
the area that received the volcanic accession. 

The climate of Mt Gambier. with the aver- 
age Maximum tempetuiure ranging frum 12°C 
ta 23°C and with abour 700 mm of rain falling 
mostly in winter, i$ condusive to the weather- 
ing and Icaching of the deposited ash. Stanley 
(1909) analysed the basalt from Mt Gambier 
and his results are given in Table 1. An esti- 
mate of the present average composition of 
the ash, obtained from sumples A 363/1, 
A464/1 and A349/1. 55 also-given in Table |. 


TAHLE 3 
Relative: amoun: of volcanic ash.in. soils 
Average based ön Average based on Dilution of Particles? i 
Mg, Al, Ti, Fe Cr, Mn, Ni, Zn Si by ash 2-50 am Mean’& S.D. 
A363"1 100 100 10 100 1DU — 
A ddl 84 RS 38 93 EJ] fi 
A 349/1 84 88 86 93 BS 4 
AdS5tét 66 59 g9 58 68 l4 
A J64 60 56 S 7 61 6 
-36At 44 4s 44 47 45 | 
A 355/1 a8 a7 35 42 38 3 
A 19271 32 25 23 32 28 5 
À 35841 20 45 W 10. t5 4 
A 467/1 14 12 a lo tl 3 
ee = ŇU 


t Valnes from Hotton, Blackburn, & Clarke { 195"), 
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For this estimate it has been assutned thut 60% 
of profile A 363/1 is of Volcanic origin, 35% 
of A 464/1 und 50%. of A 349/1 and the bal- 
ance is silica. and these assumptions are con 
sistent witht the particle: size distribution curve 
tor profile A349 riven by Hutton, Blackburn 
& Clarke (1959). From comparison with this 
estimated present composition of the ash and 
analysis af the husalt, it is possible 1o calculate 
the change in elemental composition on the 
assumption tha, ush und basalt were from the 
sume source, The results. (Table 1) shaw that 
in the 5,000 years of exposure there has beca 
considerable (60-80%) loss of sodium, mag- 
nesium and calcium due to the weathering of 
minerals such ay olivine and. plagioclase und 
some Joss of potassium and jron relative to alu- 
minium. silicon and titanium. The calculated 
gain in these elements is duc io the lass of the 
other elements and the similarity in the win 
figure far silicon compared with those for alu- 
minium and titanium confirms the assumed 
ralio of sand to ash in the three: soil samples: 
Thus from these ratios and the ilata of ‘Table 3, 
the amount of ash in all ten suil samples can 
be culeulated (Table +). 

The relative gain nf 20% in the “insoluble” 
elements suggests that 20% of the ash has been 
lost in 3.000 years, ie. 14% in 250 years. This 
joss of 20% of the weight of ash. sue to the loss 
ot 70% of the original sodium, magnesium and 
calcium has meant considerable change hus 
taken place. The soils with 35% to 60%% ash 
Nave exchange capacities of 30 m, equiv. per 
100 g (Clarke 1965) and in sample A 972 
tiken close tu sample A 464 the clay minerals 
have been identified as illite, Kaolin and ran- 
domly interstratified material and the mixture 
has an exchange capacity of about 70 m. equiv. 
per 100. g (Stace ef ul. 1968, p. 133). Assum- 
ing 12 m.. equiv. of the exchange capacity ix 


TABLE 4 


Calenlated amaan of vatcanty ash in sis 


MII 


Ch 
{fearest 5%) 

A 363/1 én 
A 4647/1 5 
A 34971 sA 
A351474 <i 
A 364/1 35 
A 360I 25 
A 355/\ ee) 
A 29271 15 
A3581 10 
A 467/1 $ 
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duc to organic malter, there Ix then 18 r. 
equiv. per 100 g due to clay minerals. Thus the 
exchange capacity suggests that the elay mine- 
tals constitute about 25% of these soils which 
originally were about 50% ash, 50°% sand, The 
elay minerals have formed i7 siu and have not 
moved down the profile—in fact using stand- 
ard. laboratory dispersing techniques, the soils 
yielded little material tess than 2 um. cnabling 
the unsxoricd distribution of the particles in the 
range 2 any te 50 um lo be used as a charac- 
teristic. 

As there is no run:nlf of water from the soils 
around Mt Gumbier. the sodium, magnesium 
and calcium released by weathering should be 
leached to the groundwater, Sodium ond mag- 
hesium are quite soluble and calcium js mude- 
rately suluble in the presence of the high con- 
<entration of carbon dioxide found in fertile 
sojls; As the Water percolates out of the organic 
soil, carbon dioxide is lost und calcium be- 
comes less soluble. O'Driscoll (1960) has pub- 
lished analyses of groundwater from the Hun- 
dreds of Blanche, Gambier and MacDonnell 
which surround Mt Gambier. Ot the samples 
with less than 400. ppm dissolved solids, nine 
had becir collected either from within the area 
considered by Hutton. Blackburn & Clarke 
(1959) to have received volcanic ash or from 
immediately south of the area, and five samples 
oulside these two areas. The pverage calcium 
content for each of the two wrens is 70 ppm, 
while the sodium content of the walters from 
the area that received volcanic ash is 45 ppm 
and. that oulside is 35 ppm, and for magnesium 
the corresponding figures are 13 ppm and 3.5 
ppm, 


It has thus been possible to. confirm the 
earlier map of the distribution of volcanic ash 
around Mt Gambier (Hutton, Blackburn & 
Clarke 1959) und to shaw that considerable 
change has taken place in 5,000 years. About 
one half of the ush has weathered to clay mine- 
rals with the loss. of 20% of weight und the 
leached sodium and magnesium appears to 
have reaches! the groundwater. 
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